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WO 2005/122930 - PCT/US2005/020886
FASTENING SYSTEM FOR SPINAL STABILIZATION SYSTEM
Technical Field
[0001} The principles disclosed herein relate to bone stabilization

systems. More specifically, the disclosure relates to intervertebral connection

systems suited for stabilization of the spine.

Background
[0002] Chronic back problems cause pain and disability for a large

~ segment of the population. In many cases, the chronic back problems are caused
by intervertebral disc disease and deterioration and loss of stability of the
intervertebral joint. Examples of these spinal conditions include degenerative
disc disease, scoliosis, spondylolithesis, spinai stenosis, etc. Stabilization and/or
arthrodesis of the intervertebral joint can reduce the pain associated with
movement of a diseased or deteriorated intervertebral joint. In order to allow for
development of a solid intervertebral fusion, the spine has to be stabilized.
[0003] Spinal stabilization systems have been developed to stabilize the
vertebrae to allow for fusion or stabilization of diseased intervertebral joints.
One type of spihal stabilization system includes connectors and rods that are used
to stabilize the spine. Some examples of such spinal stabilization systems are
disclosed in U.S. Patent Nos. 6,613,050 B1; 6,371,957 B1; 6,050,997;
5,879,356; 5,725,527; 5,628,740; 5,545,165, the entire disclosures of which are
incorporated herein by reference. In these systems, connectors are anchored to

the vertebral bodies desired to be stabilized by anchoring structures such as
1
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screws or hooks. One or more connecting rods are then secured to the
connectors to form a connector/rod construct that stabilizes the vertebral bodies
to which the connectors are secured.

[0004] In many known stabilization systems, threaded nuts are used to
secure the rods to the connectors. The rods can be provisionally held in position
by loosely tightening the nuts on the connectors. After desired adjustments are
made with respect to the relative positioning of the bones desired to be stabilized,
the nuts can be further tightened to finally secure the connector/rod construct.
Typically, a tbrque wrench or similar device is used to achieve the required
torques to finally secure the connectoi'/rod construct. To prevent torque from
being_ transferred to the patient while tightening the nut, an anti-torque device is
frequently used in combination with the torque wrench. The effective use of the
torque wrench and anti-torque device can be difficult and often is dependent
upon the strength and experience of the surgeon. What are needed are
alternative spine stabilization fastening techniques that do not require the use
torque. What are also needed are improve(i means for provisional positioning of

rods or other vertebrae linking elements before final tightening.

Summary
[0005] One inventive aspect of the disclosure relates to spine fixation
systems including structures for facilitating the provisional retention of linking
elements such as rods, plates or like elements.
[0006] Another inventive aspect of the: disclosure relates to spine

stabilization techniques that do not require torque for final tightening.
2
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[0007] A variety of additional inventive aspects will be set forth in the
description that follows. The inventive aspects can relate to individual features
and combinations of features. It is to be understood that both the foregoing
general description and the following detailed description are exemplary and
explanatory only and are not restrictive of the broad inventive concepts upon

which the embodiments disclosed herein are based.

Brief Description of the Drawings
[0008] FIG. 1 is a side view of a spinai fixation connector having features
that are examples of inventive aspects in accordance with the principles of the
present disclosure;
t0009] - FIG. 2 is a side view of the spinal fixation connector of FIG. 1
with a rod provisionally retained therein;
[0010) FIG. 3A is a posterior, lateral perspective vie.w of a spine

including a single level rod/connector construct which utilizes the connector of

FIGS. 1 and 2;

[0011] FI_G. 3B is a lateral view of the rod/connector construct of FIG.
3A;

[0012] FIG. 4 is a side view of a second spinal fixation connector having

features that are examples of inventive aspects in accordance with the principles
of the present disclosure, a rod is shown provisionally retained in the. connector;
[0013] FIG. 5 is a side view of the spinal fixation connector of FIG. 4 in

a final locked position;
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[0014] FIG. 6 is a perspective view of the spinal fixation connector of
| FIG. 5;
[0015] FIG. 7 is a side view of a third spinal fixation connector having

features that are examples of inventive aspects in accordance with the principles
of the present disclosure;

[0016] FIG. 8 is a perspective view of a fourth spinal fixation connector
having features that are examples of inventive aspects in accordance with the
principles of the present disclosure;

[0017] FIG. 9 is a perspective view the spinal fixation connector of FIG.

8 in a locked position;

[0018] FIG. 10 is a side view of the spinal fixation connector of FIG. 9;
[0019] FIG. 11 is a cross-sectional view taken along section line 11-11 of
FIG. 12B;

[0020] FIG. 12A is a top view of a locking sleeve of the connector shown
in FIGS. 8-11; |

{0021} FIG. 12B is a bottom view of the locking sleeve of FIG. 12A;
{00223 FIG. 13 is a cross-sectional view of an alternative locking sleeve;
[0023] FIG. 14 is a side view of a fifth spinal fixation connector having

features that are examples of inventive aspects in accordance with the principles
of the present disclosure, the connector is shown in partial cross-section and
oriented in a non-locked position;

f [0024] FIG. 15 is a side view of the spinal fixation connector of FIG. 14

in a locked position;
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[0025] FIG. 16 is a side view of a sixth spinal fixation connector having
features that are examples of inventive aspects in accordance with the principles
of the present disclosure, the connector is shown provisionally retaining a rod;
[0026] FIG. 17 is a side view of the spinal fixation connector of FIG. 16
in a locked position;

[0027] FIG. 18 is side view of the spinal fixation connector of FIG. 16
used in combination with a detachable tool;

[0028] FIG. 19 is a side view of a seventh a spinal fixation connector
having features that are examples of inventive aspects in accordance with the
principles of the present disclosure;

[0029] FIG. 20 is a side and partial cross-sectional view of an eighth
spinal ﬁxation connector having features that are examples of inventive aspects in
accordance with the principles of the present disclosure;

[0030] FIG. 21 is a side view of a ninth spinal fixation connector having
features that are examples of inventive aspects in accordance with the principles
of the present disclosure;

[0031] FIG. 22 is a cross-sectional view of a tenth spinal fixation
connector having features that are examples of ipventive aspects in accordance
‘'with the principles of the present disclosure, thé connector is shown with a rod
provisionally retained therein;

[0032] FIG. 23 is a cross-sectional view of the spinal fixation connector

the FIG. 22 showing the connector in a fully fastened position;
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[0033] - FIG. 24 is a perspective view of an eleventh spinal fixation
connector having features that are examples of inventive aspects in accordance

with the principles of the present disclosure; and

[0034] FIG. 25 is a top view of the spinal fixation connector of FIG. 24.
Detailed Description
[0035] The present disclosure relates generally to bone fixation systems

for stabilizing bones such as vertebral bodies. The fixation systems include
fixation connectors that preferably are equipped with bone anchors (e.g., screws,
hooks, pins or like structures) for securing the fixation connectors to bones
desired to be stabilized. The fixation systems also include linking elements
(e.g., rods, plates or other members) for linking the fixation connectors together
to form a stabilizing construct capable of maintaining a desired spacial
relationship between bones desired to be stabilized.

[0036} One aspect of the present disclosure rela;tes to bone fixation
sys‘tems configured to facilitate the provisional retention of linking elements
within fixation connectors. “Provisional retention” involves the temporary
retention of the linking elements within the fixation connectors prior to the
linking elements being finally locked relative to the fixation connectors. When a
linking element is being provisionally retained, a surgeon can adjust the position
or orientatién of the linking element relative to the fixation connectors.
Preferably, this adjustment can be achieved either manually or with mechanical

advantage through the assistance of a surgical tool, without requiring loosening

of any system hardware.
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[0037] In certain embodiments of the present disclosure, the bone fixation
system can include a receiver that automatically provisionally retains a linking
element when the linking element is inserted in the receiver. For example, in
one embodiment, the receiver can have a press-in-place retention arrangement
for provisionally retaining the linking element. In such an embodiment, the
linking element snaps or otherwise moves into a provisionally retained position
when manually inserted into the receiver. In other embodiments, the fixation
systems can include receivers that cooperate with secondary fastening elements
(e.g., plugs, rings, sleeves or other structures) to provisionally retain linking
elements at desired locations.

[0038] Another aspect of the present disclosure relates to final
fastening/locking arrangements for bone fixation systems. In certain
embodiments, the final fastening/locking arrangements can be finally locked
without the use of torque.

[0039] FIGS. 1-3 illustrate a spinal fixation connector 125 having features
that are examples of inventive aspects in accordance with the principles of the
present disclosure. TheAﬁxation connector 125 includes a screw 123 for securing
the connector 125 to a bohe such as a vertebral body. The connector 125 also
includes a receiver 100 (e.g., a saddle) coupled to the screw 123 (e.g., the screw
includes a head 199 that seats at the bottom of the receiver 100). The receiver
100 includes a rod seat 113 positioned opposite from an open top end 115. The
receiver 100 also includes spaced-apart legs 107 that extend upwardly from the
seat 113 to the open top end 115. The legs 107 and the seat 113 cooperate to

define an interior pocket 119 for receiving a rod 127 or other linking element.
7
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The legs 107 further include provisional retgntion structures in the form of
opposing tabs 109. As described below, the tabs 109 are adapted to

| provisionally secure a linking element such as the rod 127 within the pocket 119.
[0040] In the depicted embodiment, the tabs 109 are integral with their
corresponding legs 107 and project laterally into the pocket 119 from inner
surfaces 108 of the legs 107. The tabs 109 each include an upper ramp surface
104 that faces away from the seat 113 and a 10§ver ramp surface 106 that faces
towards the seat 113. The ramp surfaces 104, 106 intersect at apexes 137 of the
tabs 109.
[0041] The legs 107 also include upper portions 197 that extend upwardly
from the tabs 109. The upper portions 197 can provide structure for securipg a
fastening element to the receiver 100 for finally locking a rod within the pocket
119 once final adjustments to the construct have been made. Such fasteners are
preferably configured to force the legs 107 together such that the rod is fixedly
clalﬁped between the legs 107. Example fasteners include sleeves that mount
over the exterior of the upper portions 197 of the legs 107, cross-members that
extend across the top side of the pocket between the upper portions, or other
structures.

[0042] To provisionally secure the rod 127 W1th1n the pocket 119 of the
_receiver 100, the rod 127 is inserted downwardly into the pocket 119 through the
open top end 115 of the receiver 100. Prior to insertion of the rod 127, the legs

107 of the receiver 100 are in a non-deflected orientation and the distance
between the apexes 137 is less than the maximum width of the rod 127 (e.g., the

diameter of the rod). As the rod 127 is pressed downwardly in the pocket 119,
8
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the lower portion of the rod 127 contacts the upper ramp surfaces 104 of the tabs

- 109 causing the legs 107 to deflect (e.g., flex) apart to accommodate the rod.

The legs 107 contimue to deflect apart until the center of the rod moves below the
apexes 137 of the tabs 109. Once the center of the rod 127 moves below the
apexes 137, the lower ramp surfaces 106 of the tabs 109 follow the contour of
the upper portion of the rod 127 suéh that the legs 107 begin to move inwardly

back toward the non-deflected orientation. The insertion process is complete

. when the rod comes to rest on the seat 113 of the receiver 100 as shown in FIG.

2. As so positioned, upward movement of the rod 127 is limited or resisted by
the tabs 109 (i.e., the rod 127 is captured between the tabs 109 and the seat 113).
Thus, the rod 127 is provisionally retained within the pocket 119. To remove
the rod 127 from the pocket 119, the rod 127 is pulled upwardly with sufficient
force to cause the legs 107 to deflect back apart thereby enabling the rod to pass
between the tabs 109.

[0043] In certain embodiments, the depth between the tabs 109 and the
seat 113 is great enough to allow the legs to fully return to the non-deflected
orientation when the rod is provisio@y retained. In such embodiments, the rod
can be loosely captured in the region between the tabs 109 and the seat 113. In
other embodiments, the depth between the tabs 109 and the seat 113 is not great
enough to allow the legs 107 to fully return to the non-deflected orientation when
the rod is provisionally retained. In such embodiments, the partially deflected
legs 107 apply a clamping force to the rod 127, which resists rotational
movement and axial sliding of the rod relative to the receiver 100. ‘The clamping

force is applied through the tabs 109 such that the rod 127 is clamped between
9
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the tabs 109 and the seat 113. Preferably, the clamping force is sufficiently
small to allow the rod to be rotated or axially slid relative to the rod either
manually or with the aid of medical instramentation.
[0044) The legs 107 of the receiver 100 can be manufactured from
various materials such as, for exémple, Titanium, Nitinol, Stainless Steel,
Thermoplastic polymers, Thermoset polymers or other materials. When the
legs 107 deflect to accommodate the rod- 127, the legs 107 preferably do not
deform beyond the elastic Limits of the material forming the legs 107. Thus,
when deflected outwardly, the legs 107 are spring biased back toward the non-
deflected orientation by the inherent elasticity of the material forming the legs
107.
[0045] The connection provided between the receiver 100 and the rod 127
can be referred to as a “snap-fit connection.” As used herein, the phrase "snap-
fit connection” means a connection provided by a member that is flexed or

' deﬂect_ed from a retaining position to a non-retaining position, and then moves
back toward the retaining position by the inherent flexibility or elasticity of the
member. .
[0046] In the connector 125 of FIGS. 1 and 2, the screw 123 has a poly-
axial relationship relative to the receiver 100 prior to final tightening. In other
embodiments, the screw can have a fixed relationship relative to the receiver.
Further, while a screw 123 anchor has be depicted in FIGS. 1 and 2, other types
of anchors such as hooks, rivets, pins or other structures, could also l;e used.
[0047] FIGS. 3A and 3B show rod/connector constructs being used in a

single level spinal stabilization procedure. In conducting the procedure,
10
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connectors 125 are secured to vertebral bodies 190, 191 desired to be stabilized.
Rods 127 are then pressed within the pockets 119 of the connectors 125 so as to
be provisionally retained therein. In this manner, the connectors 125 function as
temporary placeholders for the rods 127. The surgeon can then adjust the -
relative positioning ‘of the vertebral bodies 190, 191 to achieve a desired relative
positioning. For example, the vertebral bodies 190, 191 may be compressed
together, distracted apart, or moved laterally relative to one another. During
distraction or compression, the rods slide axially within the connectors 125.
Once a desired spacial relationship between the vertebral bodies is achieved, the
rods 127 are finally locked or clamped relative to the connectors 125 through the
use of final fastening elements such as lock rings 131. Examples of other types
of final fastening elements are described with respect to FIGS. 4-15. While
FIGS. 3A and 3B show a single level procedure, connectors in accordance with

the principles of the present disclosure can also be used in multi-level procedures

using bent or straight rods.

[0048] As shown in FIGS. 4-15, a number of different fastening
elements/devices can be used to fully or finally clamp the rod to the connectors
after final adjustments have been made. For example, torque, no-torque or other
final fastening techniques may be used. It will also be appreciated that the final
fastening techniques that follow are fastening techniques that can be used with or
without receivers having integral provisional retention capabilities.

[0049] FIGS. 4-6 illustrate an embodiment of a spinal fixation connector
225 including a screw 223 coupled to a receiver 200. The receiver 200 defines a

pocket 219. Similar to the embodiment of FIGS. 1 and 2, the connector 225
11
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includes tabs 209 positioned within the pocket 219. The connector 225 further
includes a lateral fastener in the form of a rivet arrangement 502 adapted to be
coupled to the receiver 200. The receiver 200 includes slots 221 for receiving
the rivet arrangement 502. The rivet arrangement 502 is adapted to be linearly
inserted into the slots 221 of the receiver 200 in a direction perpendicular to a
central axis 229 of the pocket 219. The rivet arrangement 502 includes
intermating interlock parts (e.g., plug 503 and cap 501) that interlock to finally
clamp a lm]cmg element, such as rod 127, within the pocket 219.

[0050] In general use, the rod 127 is first provisionally retained within
the pocket 219 of the receiver (e.g., by tabs 209). While provisionally retained,
the position of the rod can be adjusted relative to the connector 225. After the
adjustment process is complete, the rod is finally locked in place by mounting the
rivet arrangement 502 laterally across the pocket 219 of the receiver 200. As the
rivet arrangement 502 i§ pressed together, the legs 207 of the receiver 200 are
forced toward each other such that rod 127 is clamped between legs 207 and held
in place. The rivet arrangement 502 preferably clamps the linking element with
sufficient force to prevent the linking element 127 from sliding relative to the
connector 225,

[0051] As indicated above, the lateral fastener of the fixation connector
225 .is depicted as a rivet type arrangement including a plug 503 and a cap 501.
The plug 503 is adapted to be linearly inserted into the cap 501 and interlock
with the cap 501 after the plug 503 and cap 501 have been passed through the

slots 221 of the receiver 200. FIGS. 5-6 show the connector 225 with the

12
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linking element 127 in a clamped position with the plug 503 and cap 501 in an
interlocked position.

[0052] The plug 503 and the cap 501 of the rivet arrangement 502, as
shown in FIGS. 4-6, may have a snap-fit connection to interlock. In one
embodiment, the plug 503 can be the adapted to flex inwardly as the plug is
inserted into the cap 501, and then self-expand to an interlocked position when
fully inserted w1thm the cap 501. Alternatively, the cap 501 can be adapted to
expand to receive the plug 503, and then self-contract to an interlocked position
when the plug 503 is fully inserted within the cap 501.

[0053] FIG. 7 illustrates a fixation connector 325 having another version
of a lateral fastener for final fixation. The fixation connector 325 illustrated in
the embodiment in FIG. 7 is essentially identical to the fixation connector 225
illustrated in FIGS. 4-6, except that in this embodiment, the final fastening
technique used to clamp the linking element 127 to the connector 325, uses
threaded components such as a bolt 601 and nut 603 arrangement. The
connector 325 includes a screw 323 secured to a receiver 300. The receiver
includes a pocket 319 defined between legs 307. By tightening the bolt and nut
arrangement, the legs 307 of the receiver are drawn together to finally clamp a
rod 127 held within the pocket 319. The nut 603 can be threaded on the bolt
601 with conventional tool for applying torque (e.g., wrench, pliers, etc.).
[0054] FIGS. 8-12 illustrate an example of émqther final fastening
assembly‘used to clamp a rod 127 to a connector 525. The fixation connector
525 includes a screw 523 coupled to a receiver 500. 'fhe receiver 500 includes a

pocket 519 defined between two legs 507. Provisional retaining tabs 509 project
13
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into the pocket 519. The connector 525 also includes a sleeve type fastener 802
adapted to be linearly slid over the legs of the receiver 500. In one embodiment,
the sleeve 802 is secured to the receiver 500 with a friction fit. The sleeve 802
is adapted to lock the rod 127 within the pocket 519 of the receiver 500.

[0055] In general use, the rod 127 is first provisionally retained within
the pocket 519 (e.g., by tabs 509). After any necessary adjustments have been
made, the rod 127 is finally locked within the pocket of the receiver 500 by
linearly sliding the sleeve 802 downwardly over the legs 507 of the receiver 500.
The sleeve 802 and/or the legs 507 preferably include contact surfaces with a
taper that causes the legs 507 of the receiver 500 to flex inwardly to compress

~ the rod 127 as the sleeve 802 is slid downwardly over the legs 507. In this
manner, that the rod 127 is clamped within the receiver 500. In certain
embodiments, a Morse taper can be used. -

[0056] As shown in FIGS. 8-11, the legs 507 of the receiver 500 include
outer contact surfaces 517 that taper outwardly at an angle relative to a central
axis 529 of the receiver 500 as the surfaces 517 extend in a downward direction.
[0057] The sleeve 802 shown at FIGS. 8-12 includes a top wall 821
defining through-holes 801 adapted to slidably receive the legs 507 of the
receiver 500. The legs 507 of the receiver 500 preferably have transverse cross-
sections that -generally match the shape of the perimeter of the holes 801. In
some embodiments, the sleeve 802 also includes a contoured underside 813 that
defines a concavity or pocket adapted to engage the top side of the rod 127 when

the sleeve is mounted on the receiver 500. FIGS. 9-10 show the connector 525

14
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with the linking element 127 in a clamped position with the sleeve 802 coupled to
the receiver 500.
[0058] Referring to FIG. 11, the sleeve 802 is depicted including
opposing inner contact surfaces 803 adapted to engage the outer contact surfaces
517 of the legs 507 when the sleeve 802 is mounted on the receiver 500. The
contact surfaces 803 taper outwardly at an angle relative to a central axis 829 of
the sleeve 802 as the contact surfaces 803 extend in a downward direction. In
one embodiment, the taper angle of the inner contact surfaces 803 of the sleeve
802 generally matches the taper angle of the outer contact surfaces 517 of the
legs 507. The relative tapers of the contact surfaces 517, 803 cause the legs 507
| to flex inwardly when the sleeve 802 is slid downwardly over the legs 507.
Thus, a rod 127 can be finally clamped in the pocket 519 by sliding the sleeve
802 over the legs 507 of the receiver 500. FIG. 12A illustrates a top view of the
sleeve 802 and FIG. 12B illustrates a bottom view of the sleeve 802 wherein the
taper of the opposing inner vertical walls 803 is illustrated.
[0059] In FIG. 13, an alternative sleeve 902 adapted for use with the
receiver 500 is illustrated. The sleeve 902 has a complete ring type structure,
with a single through-hole 901 defined by an interior surface 903. The ring 902
is shaped and sized to be linearly slid over the legs 507 of the receiver 500 to
cause the legs 507 to flex inwardly to finally lock a rod 127 within the receiver
500. Similar to the contact surfaces 803 of the sleeve, 802, the surface 903 may
be tapered to generally match or otherwise cooperate with the taper of the |

contact surfaces 517 of the receiver 500 so as to cause final clamping of the rod

within the receiver 500.

15
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[0060] FIGS. 14 and 15 illustrate another embodiment of a fixation
connector 425 including a tapered clamping arrangement. The fixation
connector 425 includes a receiver 400 including legs 407 between which a pocket
419 is defined. Provisional retaining tabs 409 project into the pocket 419. A
sleeve 702 is used to finally lock a rod within the receiver 400. The sleeve 702
includes tapered interior contact surfaces 703 that c;.ooperate with tapered exterior
contact surfaces 417 of the receiver 400 to cause the rod to be clamped and
locked within the receiver 400 when the sleeve 702 is slid over the legs 407 of
tﬁe receiver 400.

[0061] The fixation connector illustrated in the embodiment in FIGS. 14
and 15 operates similar to the fixation connector illustrated in FIGS. 8-12, except
that in this embodiment, the legs 407 of the saddle 400 include discrete locking
structures 405 (e.g., tabs, ramps, teeth, and etc.) on the outer vertical surfaces
417 to assist in retaining the sleeve 702 on the receiver 400. The sleeve 702 may
include locking structures 701 (e.g., tabs, ramps, ratchet, and etc.) adapted to
engage with the locking structures 405 of the receiver 400 to retain the sleeve
702 in an interlocked position after it has been inserted over the legs 407 of the
receiver 400. Sleeves 902 of the type shown in FIG. 13 could also be used in
combination with the saddle 400.

[0062] FIGS. 16-18 illustrate another embodiment of a spinal fixation
connector 625 that includes provisional tightening means used in the stabilization
of the vertebrae. The fixation connector 625 includes a bone screw 623 or other
anchor. The connector also includes a receiver 600 coupled to the bone screw

623. The receiver 600 includes legs 607 that define an interior pocket 619 for
16
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receiving a linking element such as rod 127. The connector 625 further includes
a provisional tightening component in the form of a plug 1002 adapted to
provisionally secure the rod 127 within the interior pocket 619 of the receiver
600. A sleeve 902 is used to finally lock the rod 127 within the receiver 600.
[0063] In use, the rod 127 is first placed in the pocket 619 of the receiver
600. After the rod 127 has been placed into the pocket 619, the rod 127 is
provisionally retained in the pocket by threading the plug 1002 into the pocket
619. Thereafter, final locking of the rod 127 within the réceiver 600 is
accomplished by sliding the sleeve 902 over the legs 607 of the receiver 600. As
the sleeve 902 is slid downwardly, the legs 607 flex inwardly to clamp the rod in
the final position.

[0064] In FIGS. 16-18, the legs 607 of the receiver 600 include oppo;«sipg
interi(;r surfaces 603 defining internal threads 605. The threads 605 define an

inner thread diameter (measured between thread peaks) and an outer thread

. diameter (measured between thread valleys). The outer thread diameter R, of

the receiver 600 is labeled at FIG. 16.

[0065] As shown in FIGS. 16-18, the plug 1002 preferably includes a
generally cylindrical body with external threads 1003. The plug 1002 is adapted
to be loosely threaded in between the legs 607 of the receiver wherein the
external threads 1003 of the plug 1002 engage the internal threads 605 of the
receiver 600. The extemail threads 1003 of the plug 1002 define an inner tbréad
diameter (measured between thread valleys) and an outer thread diameter
(measured between thread peaks). The outer thread diameter Py, of the plug

1002 is labeled at FIG. 16.
' 17
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[0066] The outer diameter Py, of the plug 1002 is sized smaller than the
outer diameter Ry, of the receiver 600 so that the plug 1002 can be loosely
threaded between the legs 607 of the receiver 600. For certain applications, the
plug 1002 can be advanced until it makes contact with the rod 127 such that the
rod is provisionally clamped within the pocket 619. In other applications, the
plug 1002 is threaded into the pocket 619 to a depth short of engaging the rod
127. In such an application, the plug 1002 provisionally retains the rod in the
pocket (e.g., keeps the rod from being lifted from the pocket) without applying a
clamping forceito the rod. .

[0067] The plug 1002 also may include structure 1001 adapted to accept a
tool 30. The tool accepting structure of the plug 1002 is depicted as a slot 1001
including internal threads 1011 in FIGS. 16-18. The tool 30 as seen in FIG. 18
includes a shaft 33 having a tip 35 with external threads 36 adapted to engage the
threads 1011 of the slot 1001 of the plug 1002. The tool 30 is adapted to be used
to drive the plug 1002 in between the legs 607 of the receiver 600. Although
shown as having intermating threads in FIG. 18, this embodiment of the tool and
the plug is only a representative example, and other means of engagement
allowing for rotational driving of the plug 1002 are within the spirit of the
invention. For example, in alternative embodiments, the plug could include é
socket such as a hexagonal socket for receiving a hex-driver or other tool.

[0068] Once provisionally tightened by the plug 1002, the rod 127 can be
finally, non-provisionally fastened with any fastening technique discussed above

that is adapted to cause inward flexing in of the legs 607 of the receiver 600 to
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clamp the linking element 127 within the pocket 619. In FIG. 17, the sleeve
902 is used to provide final locking of the rod 127 within the connector 625.
[0069] In use, the rod 127 is provisionally secured with the receiver 600
by threading the plug 1002 into the pocket 619 such that the rod 127 is captured
in the pocket 619. After any necessary positional adjustments have been made,
rod 127 is locked in place by sliding the sleeve 902 over the exterior of the
receiver 600. As the sleeve 902 is slid over the receiver 600, the legs 607
deflect inwardly to lock the rod 127 in a final position. As the legs 607 are
deflected inwardly, the difference between the plug outer thread diameter Py,
and receiver outer thread diameter Ry, decreases until the rod 127 is clamped
within the receiver 600. The sleeve 902 and/or the legs 607 may include contact
surfaces with a taper as discussed above to cause the legs 607 of the receiver 600
to flex inwardly to lock the rod 127 in it final position.

{0070} In certain embodiments, the plug 1002 can be threaded out of the
receiver after final clamping. In other embodiments, the plug 1002 can be left
within the receiver after final tightening.

[0071] As described above, a tool 30 adapted to engage the slot 1001 of
the plug 1002 can be used to thread in and/or out the plug 1002. The tool 30 can
also be used to apply a linear force (e.g., in an upward direction) that opposes
the force required to push the sleeve 902 linearly over the receiver 600. In this
‘manner, the surgeon is able to slide the sleeve 902 around the legs 607 of the
connector without having a substantial amount of linear force transferred to the
patient. Once the rod 127 is locked in a final position, the tool tip 35 of the tool

30 can be threaded out of the slot 1001 of the plug 1002 leaving the plug 1002
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within the receiver, or can be used to thread out the plug 1002. FIG. 19 shows
an alternative tool 30’ having a shaft 33 that is integral with the plug 1002.
[0072] FIG. 20 shows an alternative final fasting arrangement for locking
the rod 127 in a final position relative to the receiver 600. The final fastening
arrangement includes an outer sleeve 1102 that cooperates with an inner sleeve
902’ to lock the rod in its final position. The inner sleeve 902’ can be a
solid/continuous ring or a slotted ring.

[0073] The inner sleeve 902’ includes generally a cylindrical body
including an outer sidewall 904 extending between a top end 905 and a bottom
end 906 of the sleeve 902'. The outer sidewall 904 of the sleeve 902' tapers out

at an angle relative to the central axis of the sleeve 902’ such that the sleeve 902’

. defines a minor outer diameter at its top end 905 and a major outer diameter at

its bottom end 906. The sleeve 902' may or may not have an internal taper.
[0074] The outer sleeve 1102 includes an interior surface 1104 defining
an opening that extends between a top end 1105 and a bottom end 1106 of the
sleeve 1102. The interior surface 1104 of the outer ring 1102 defines a taper
angle that matches the taper angle of the outer surface 904 of the first ring 902'.
The outer sleeve 1102 defines a major inner diameter at the bottom end 1106 and
a minor inner diameter at the top end 1105. The opening defined by the sleeve
1102 is sized to receive the immer sleeve 902’.

{0075} In use, the inner sleeve 902’ is slid over the receiver 600 té lock
the rod in a final position relative to the receiver 600. After sliding the inner
sleeve 902’ into position, the outer sleeve 1102 is swaged over the inner sleeve

902’ to compress the inner sleeve 902°.
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[0076] FIG. 21 shows a fixation connector 725 including a receiver 700
and a plug 1002 for provisionally retaining a rod 127 in the receiver 700. The
connector 725 also includes a final fastener 502 of the type described with

respect to the embodiment of FIG. 4

[0077] - Inuse, the plug 1002 is loosely threaded in the receiver 700 to
provisionally secured the rod 127 therein. After the rod has been adjusted to its
final position, the fastener 502 is installed. During installation of the fastener
502, lateral loading is applied to the legs 707 of the receiver causing the legs to
flex together and clamp the rod 127. As the legs 707 flex together, a radial
spacing between the legs 707 of tﬁe receiver and the plug 1002 is reduced in
size. Other types of final fasteners such as the nut/bolt type arrahgement
described previously above can also be used in combination with a plug type
provisional tightening component. |

[0078] FIGS. 22 and 23 illustrate another embodiment of a fixation
connector 825 for use in stabilization of the vertebrae. The embodiment shown
in FIGS. 22 and 23 has a polyaxial screw locking arrangement having features
similar to embodiments disclosed in U.S. Patent Nos. 5,863,293, 5,964,760, and
6,132,432, which are incorporated by reference in their entireties. It will be
appreciated that the polyaxial screw locking arrangement depicted in FIGS. 22
and 23 can also be used in the previously described embodiments of FIGS. 1-21.
[0079] In the embodiment shown in FIGS. 22 and 23, the fixation
connector 825 includes a receiver 835 having rod-receiving pocket 819 and an
anchor-receiving pocket 900. The rod-receiving pocket 819 is defined between

legs 807 of the receiver 835. The anchor-receiving pocket 900 is adapted to
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house a retainer 815. A screw 823 is coupled to the retainer 815 within the
pocket 900. The retainer 815 preferably includes a generally spherical cavity
809 that receives a generally spherical head 817 of the screw 823. The relative
shapes of the head 817 and cavity 809 allow the head 817 to pivot/rotate within
the retainer 815 to allow the orientation of the axis of the screw 823 to be
angularly adjusted relative to the receiver 835 prior to final fixation. The
connector 825 also includes a final fastener such as a sleeve 837 for locking the
screw 823 at a final axial position relative to the receiver 835, and for locking a
rod 127 within the rod-receiving pocket 819.

[0080] - The retainer 815 includes flexible legs 814 that define the cavity
.809. ‘When the retainer 815 is mounted in the anchor-receiving pocket 900, a
top end 311 of the retainer $15 is exposed to the rod-receiving pocket 819 of the
receiver 835.

_[0081] The anchof—receiving pocket 900 of the receiver 835 includes a
tapered internal surface 902 defining a diameter that reduces in size as the
surface 902 extends downwardly away from the rod-receiving pocket 819. The
anchor-receiving pocket 900 includes a lower openipg 909 through which the
retainer 815 and the screw 823 can be bottom loaded into the receiver 835.
[0082] To bottom load the screw 823 into the receiver 835, the retainer
815 is first inserted into the anchor-receiving pocket 900 through the lower
opening 909. After the retainer has been inserted into the anchor-receiving
pocket 900, the head 817 of the screw 813 is inserted through the lower opening
909 and snapped into the cavity 809 of the retainer 815. When the head 817 of

the screw 823 is inserted into the cavity 809, the retainer 815 expands (e.g., the
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legs flex outwardly) thereby preventing the retainer 815 and the screw head 817
from being removed from the pocket 900 without using a removal tool.

[0083] In use, the assembled connectors 825 are anchored to bones
desired to be stabilized. A rod is then inserted into the rod-receiving pockets
819 of the connectors 825 to interconnect the anchored connectors and tliereby
form a rod/connector construct. The rod 127 is provisionally retained within the
pockets 819 by linearly sliding the slee\}e 837 downwardly over upper portions
891 of the legs of the receivers 835, as shown in FIG. 22. In certain
embodiments, the upi)er portions 891 of the legs are not tapered, or include only
a slight taper and are configured to loosely engage the sleeve 837 or to engage
the sleeve 837 with a slight friction fit without causing the rod and screw to be
finally locked in position. .

[0084] While the rod is provisionally retained, adjustments can be made
to the rod/connector construct. For example, the connectors 825 can be moved
relative to the rod 127 and the rod 127 can be rotated within the connectors 825‘.
Also, the axial position of the screws relative to their corresponding receivers
can be adjusted. After final adjustments have been made to the rod/connector
construct, the locking sleeves 837 are slid downwardly to a final locking position
as shown in FIG. 23. As the sleeves 837 are moved to the final locking position,
the sleeves 837 force the rod 127 downwardly within the pockets 819. As the
rad 127 is forced downwardly, the rod 127 engages the retainers 815 within the
anchor-receiving pockets 900 causing the retainers 815 to be compressed by the
tapered surfaces 902 of the pockets 900. When compressed, the retainers 815

clamp their corresponding screw heads 817 to lock the screws 823 at the final
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desired angle relative to their corresponding receivers 835. Also, when the

" sleeves 837 are in the position of FIG. 23, the legs 807 of the receivers 835 are
clamped against the rod 127 to finally lock the rod 127 in position relative to the
connectors 825.
[0085] In certain embodiments, the clamping action can be provided by
tapered regions 893 that have an increased taper angle as compared to the upper
portions 891. The sleeves 837 can include locking structures 801 that interlock
with locking structures 805 of the receiver 835 (e.g., in a snap-fit relaﬁopship) to
retain the sleeve 837 in thg locked position. The legs 807 can include.'notches
895 for facilitating breaking the upper portions 891 away from the re.ceiver 835
to reduce the profile of the connector 825 after the rod has been locked in
position.
[0086] FIGS. 24 and 25 illustrate another embodiment of a fixation
connector 425' and the same general components as the fixation connector 425 of -
FIGS. 14 and 15. The fixation connector 425' has been modified to include a
pocket 419' that is adapted to receive curved rods. Specifically, ‘the pocket 419’
is defined between legs 407" having inner opposing surfaces that define opposing
recessed regions 440. The recessed regions 440 (e.g., hollowed out regions)
extend from the top ends of the legs downwardly through provisional retaining
tabs 409'. The recessed regions 440 are defined between upright ridges 499 that
extend from the top ends of the legs downwardly through the tabs 409’. When a
rod is clamped within the pocket 419, the ridges 499 contact the rod while tﬁe

recessed regions 440 provide space for the accommodating rod curvature.
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[0087] The embodiments disclosed herein are all depictgd including
anchors in the form of screws. It will be appreciated that other anchors such as
pins, hooks, rivets or other structures could also be used.

[0088] The embodiments disclosed herein include various components
such as receivers, anchors, sleeves, rods, fasteners and other components. It
will be appreciated that these components can be manufactured from different
types of material. Example materials include Titanium, Nitinol, Stainless Steel,
Thermoplastic polymers, Thermoset polymers as well as other materials.

[0089] From the foregoing detailed description, it will be evident that
modiﬁcatioﬁs and variations can be made in the devices of the inventipn without
departing from the spirit or scope of the invention. Therefore, it is intended that
all modifications and variations not departing from the spirit of the invention

come within the scope of the claims and their equivalents.
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We Claim:

1. A fixation connector for securing a linking element to a bone, the fixation
connector comprising:

a bone anchor;

a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element; and

a first tab that projects into the pocket for provisionally retaining

the linking element within the pocket.

2. The fixation connector of claim 1, wherein the first tab is integral

with one of the légs.

3. The fixation connector of claim 1, wherein the first tab includes

an upper ramp surface.

4. . The fixation connector of claim 3, wherein the first tab includes a

lower ramp surface.

S. The fixation connector of claim 1, further comprising a second tab

that projects into the pocket and opposes the first tab.
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6. The fixation connector of claim 5, wherein the legs include first
and second legs, and wherein the first tab is integral with the first leg and the

second tab is integral with the second leg.
7. The fixation connector of claim 1, further comprising a final
fastening structure for retaining the linking element in a final position within the

pocket.

8. The fixation connector of claim 7, wherein the final fastening

structure is mounted laterally across the pocket between the legs of the receiver.

9. The fixation connector of claim 8, wherein the final fastening

structure includes two fastening components fastened together.

10.  The fixation connector of claim 9, wherein the two fastening

components are riveted together.

11.  The fixation connector of claim 9, wherein the two fastening

components are snap-fitted together.

12.  The fixation connector of claim 9, wherein the two fastening

components are threaded together.
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13.  The fixation connector of claim 7, wherein the final fastening

structure includes a sleeve that is mounted about an exterior of the legs.

14.  The fixation connector of claim 13, wherein the sleeve includes an
interior taper for compressing the legs together as the sleeve is mounted about

the exterior of the legs.

15.  The fixation connector of claim 13, wherein the sleeve includes a
top wall defining opening for receiving the legs of the receiver when the sleeve is

mounted about the legs.

16. The fixation connector of claim 1, wherein the anchor is a bone

SCIrew.

17. The fixation connector of claim 16, wherein the bone screw

comprises a polyaxial screw.

18. A bone stabilization system comprising:
% a linking element;
a bone anchor;
: a receiver coupled to ﬁe bone anchor, the receiver including legs

defining a pocket for receiving the linking element; and

g
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the legs of the receiver being configured to flex when the linking
element is inserted into the pocket to accommodate the linking element, wherein

the linking element is provisionally retained within the pocket by the legs.

19.  The bone stabilization system of claim 18, wherein the linking

element has a generally round cross-section.

20. A fixation connector for securing a linking element to a bone, the -7
* fixation connector mmpﬁsmg:
a bone anchor;
a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element; and
fhe receiver including means for automatically provisionally
retaining the linking element within the pocket when the linking element is

inserted in the pocket.

21. A fixation connector for securing a linking element to a bone, the
fixation connector comprising:
a bone anchor;
a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element; and
a lateral fastener that extends laterally across the pocket between

the legs for securing the linking element within the pocket, the lateral fastener
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being configured to flex the legs toward each other such that the legs clamp the

fixation connector within the pocket.

22. A fixation connector for securing a linking element to a bone, the
fixation connector comprising:
a bone anchor;
a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element; and .
a sleeve that mounts over the legs for securing the linking element

within the pocket, the sleeve including a top wall defining openings for receiving

the legs of the receiver.

~ 23, A fixation connector for securing a linking element to a bone, the ‘
fixation connector comprising:

a bone anchor;

a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element;

a first sleeve that mounts over the legs for securing the linking
element within the pocket, the sleeve having an internal surface that is not
threaded; and

a second sleeve that mounts over the first sleeve to compress the

first sleeve.
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24. A fixation connector for securing a linking element to a bone, the

fixation connector comprising:

a bone anchor;

a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element; |

a plug that is mounted in the receiver to pfovisionally retain the
linking element within the pocket; and

a final fastening structure that flexes the legs inwardly relative to
the plug such that the legs clamp the linking element to finally lock the linking

element within the pocket.

25. A fixation connector for securing a linking element to a bone, the

fixation connector comprising:

a bone anchor;

a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element; and

a sleeve is mounted on the receiver by sliding the sleeve linez{rly
along the legs, the sleeve being movable to a first position where the linking
element is provisionally retained within the pocket, and a second position where

the linking element is finally retained within the pocket.

26. The fixation connector of claim 1, wherein the legs include upper

portions that extend above the first tab, and the fixation connector further
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includes a final fasténing element that mounts to the upper portions of the legs to

finally lock the linking element within the pocket.

27. The fixation comnector of claim 1, wherein the bone anchor

includes a screw having a head that mounts within a bottom end of the receiver.

28. A fixation connector for securing a linking element to a bone, the
fixation connector comprising: ‘

a bone anchor;

a receiver coupled to the bone anchor, the receiver including legs
defining a pocket for receiving the linking element, the legs including tabs that
project into the pocket for provisionally retaining the linking element in the
pocket, tﬁe legs including upper portions that extend uﬁwardly from the tabs, the
legs also including opposing recessed regions that extend through the tabs and
upwardly along the upper portions of the legs, the legs each further including

upwardly extending ridges between which the recessed regions are defined.
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